90                                             ATTRACTIONS.                               [ART> -^
Let there be a system of rods intersecting the plane of xy in the points 0 Q2, &Q., and let the inverse rods intersect the same plane in Q/, Q2', &c.   Let m*' w2, &c. be the line densities of the several pairs.    Then for each pair we have an equation similar to (1); adding all these together we find (Potential at P' of inverse system)
- (Potential at P' of the whole mass collected at the axis) = (Potential at P of given system) - (Potential at 0 of given system).
183.    If the primitive system of rods intersect the plane of xy in an arc or an area, the inverse system will also be arranged in the same way.   To compare the densities we observe that the masses of the given system and the inverse are the same but differently distributed.   If the locus of Q is an arc, the ratio of the elementary arcs at Q\ Q is equal to OQ'/OQ, and the ratio of the line densities is therefore equal to OQ/OQ\ i.e. (k/OQ'f.   If the locus of Q is an area, the ratio of the surface densities is equal to (kjOQ')*.
We should notice that m is the mass per unit of length of a rod. Hence when the attracting rods form a cylindrical surface whose surface density is p, we have m=pds, where ds is an element of arc of the section of the cylinder by a plane perpendicular to the axis. For example, in the case of a right circular cylinder of radius a we have 2m=27ra/>. If the rods form a cylindrical volume of density p, we have m=pdA, where dA is an element of area of the curve of section.
Ex. 1. A heterogeneous stratum is placed on a right circular cylinder, the density being uniform along any generator. It is required to compare the potentials at an internal and an external inverse point. If we invert the system with regard to the axis and the radius 7c of inversion be the radius of the cylinder, the stratum inverts into itself. If P, P' be the internal and external points, V, V the potentials, we have by Art. 182 V- (C'- 2Smlog OP'} = V-VQ. Collecting all the constant terms into one, we have V - V=A-2^mlo^ OP'. The corresponding proposition for a sphere is given in Art. 86.
Ex. 2. Invert the following theorem with regard to an eccentric internal straight line. The potential of a homogeneous right circular cylindrical surface at any internal point is constant and equal to that along the axis.
The resulting theorem is as follows. If matter be distributed in a thin stratum over a right circular cylinder so that the surface density at any point Qf is proportional to the inverse square of the distance of Q' from an internal straight line OZ parallel to the generators, the potential at any external point is the same as if the whole mass were evenly distributed over the straight line OZ.
184.    Extended theory.   Let Qj, Q*,...Qn, ^e n points arranged at equal distances on the circumference of a circle of radius p.    Taking the centre 0 as origin, let the polar coordinates of these points be (p, <p], (p, <£ + a), (p, 0 + 2a) &c., where ?2a = 27r.   Let P be any point and let (r, 6) be its coordinates.    By De Moivre's property of the circle we have
rz*-2rnpnGoan(6-<f>)+p*n = PQl*.PQ»*...rQn2..................(1).
Let us now take two other points Q', P' whoso coordinates (p', 0') and (r', 6') are such that p' = c (p/c)n, 0' = n0; r/=c(r/c)n, Q'=nO, where c is any constant. It immediately follows that the left side of (1) is equal to c2(n~l). (P'Q')2. Taking the logarithm of both sides, we find
logP'Q'+(n-l)logc = log-PQ1 + logPQa + &c. + logPQn............(2).
Let us now suppose that two infinite thin rods, each of uniform line density mt

